Tartary buckwheat, rich in bioactive components such as flavonoids, has been proved beneficial to human health and prevention from many diseases. However, its utilization is limited due to bitterness, roughness, and hardness. The present study was to develop a kind of Tartary buckwheat enriched steamed bread with blends of Tartary buckwheat flour, wheat flour, gluten, glucose oxidase, and pentosanase, using response surface methodology (RSM) to optimize the formula. The independent variables investigated in the present study were the additive amount of gluten, glucose oxidase, and pentosanase, with bread volume and sensory evaluation value as response variables. Based on a basic formula consisting of 250 g Tartary buckwheat flour, 250 g wheat flour, 15 g yeast, and 300 mL water, the obtained optimum formula was 41.20 g gluten, 1032 U glucose oxidase, and 56 U pentosanase. Gluten and GOD demonstrated statistically significant effects on Tartary buckwheat steamed bread volume and sensory evaluation values. The validation test results of the optimum formula, with relative error as 0.98% and 2.55%, were consistent with the theoretically predicted values, demonstrating the reliability of equation and effectiveness of RSM.
Introduction
Tartary buckwheat (Fagopyrum tataricum) and common buckwheat (Fagopyrum esculentum), belonging to the genus Fagopyrum, are the only two buckwheat species used as food all over the world at present [1] . Both of them are rich in dietary beneficial components, containing relatively high amounts of fibers, vitamins, and proteins with balanced amino acid composition and high significant amounts of bioactive components such as flavonoids [2] . Tartary buckwheat has been drawing more and more attention in recent years due to its benefits for human health. Previous pharmacological investigations demonstrated that Tartary buckwheat had a variety of pharmacological activities of antioxidation [3] , antitumor [4] , anti-type 2 diabetes [5] , total cholesterol reducing [6] , and blood lipids regulating [3] . Hence, Tartary buckwheat is recognized as a healthy food. However, its utilization in food processing is limited due to bitterness, roughness, and hardness [7] .
Steamed bread, popular in Asian markets and accounting for more than 40% of national wheat consumption, has been regarded as a stable daily food especially in Northern China [8] . It is considered as healthy food due to the absence of toxic substances generated in other processing methods such as frying and baking. Furthermore, the relatively low processing temperature of steamed bread, not exceeding 100 ∘ C (if not under pressure), could retain the diverse endogenous and added nutrients to a large extent.
Gluten proteins are technologically vital in many food systems. Wheat-based food processing rearranges the intermolecular disulfide bond cross-links, thereby forming a strong gluten network which greatly determines the structure of bread. During bread making, gluten proteins contribute to dough properties, bread loaf volume and structure, acquiring the desired cooking quality [9] .
Glucose oxidase (GOD), a kind of promising green wheat flour strengthening agents, has demonstrated great improvement on rheological and dynamic rheological properties of 2 Journal of Food Processing [10] [11] [12] . Moreover, GOD is proved to accelerate the oxidative gelation of water-soluble pentosan and strengthen the network structure [13] . Studies showed that pentosanase (PE) exhibited synergistic effect with GOD on the quality of dough. In dough, PE hydrolyzes water-unextractable arabinoxylan (UEAX) into water-extractable arabinoxylan (WEAX) which could form intermolecular cross-links and gel, improving the ductility of dough and quality of bread [14] . RSM is a powerful statistical technique to optimize processes or formula [15] . The optimum ingredient levels can be determined by RSM through variables prediction [16] . Components analysis of Tartary buckwheat found it free from gluten, making it difficult to form the desired shape of final products that customers desired [2] . Hence, the present study aimed to develop a kind of Tartary buckwheat enriched steamed bread optimized by RSM, using gluten, glucose oxidase, and pentosanase as improvers based on a basic formula consisting of 250 g Tartary buckwheat flour, 250 g wheat flour, 15 g yeast, and 300 mL water.
Materials and Methods

Materials.
Wheat flour (variety: Jimai 22; origin: Shandong Province, China), free from additive, was purchased from Kiteflour (Co., Ltd., Weifang, China) and Tartary buckwheat flour (variety: Jinqiao 2; origin: Shanxi Province, China) was supplied by Jiaxin Food (Co., Ltd., Datong, China). The flours were manufactured by hammer mill. Glucose oxidase (Gluzyme Mono) containing 10,000 U/g and pentosanase (Pentopan Mono) containing 2,500 U/g were kindly supplied by Novo Nordisk (Shanghai, China). The gluten was provided by Bob's red mill (Co., Ltd., Milwaukie, Oregon, USA). The basic characteristics of flour used in the study were shown in Table 1 .
2.2.
Instruments. Dough kneading machine and fermentation bin were purchased from Xuzhong Food Machinery (Co., Ltd., Guangzhou, China). Bread volume determinator was supplied by Daji Photoelectric Instrument (Co., Ltd., Hangzhou, China).
Experimental
Design. RSM, involving experimental design, selection of variable levels and appropriate mathematical models by optimizing the response [17] , was used in the study. Design-Expert software (Stat-Ease, Minneapolis, USA) was used to design the experiments consisting of three independent variables (Table 2) . 15 experiments, involving three factors, namely, gluten, glucose oxidase, and pentosanase, were conducted and these variables were coded as , , and , respectively. Three experiments at center point (the value of each coded variable was 0) were performed to calculate the repeatability of the method [18] . The experiments at center point by the three-variable design were repeated three times, keeping ingredients at levels expected to yield satisfactory experimental results. Steamed bread volume and sensory evaluation value were selected as response variables.
Manufacture of Steamed Bread.
The basic formula consists of 250 g wheat flour, 250 g Tartary buckwheat flour, 15 g yeast, and 300 mL water. The additive amounts of gluten, glucose oxidase, and pentosanase were shown in Table 2 . The materials were blended in dough kneading machine into dough which was incubated in a fermentation bin for 45 min at 36 ∘ C at relative humidity of 70%. Then the dough was divided into smaller ones of 80 g each and kneaded into a round shape using the same intensity and frequency, followed by incubation for another 45 min. Then the breads were steamed for 20 min and cooled for 1 hour, followed by bread volume measurement and sensory evaluation.
Sensory Evaluation.
Twenty-five assessors (ages ranging from 18 to 30 years, both genders) were recruited from students to taste the steamed bread. Steamed breads of about 10 g were placed into number coding plastic packs on which the measured specific volumes (volume/weight, mL/g) were marked. Assessors were then asked to assess the attributes: specific volume (volume/weight, mL/g) accounting for 20%, surface texture 5%, appearance and shape features 5%, structure 20%, elasticity 10%, tenacity 10%, viscidity 10%, and odour 20%. The palates were cleansed between samples. Samples were analyzed under normal lighting conditions at room temperature.
Statistical Analysis.
A software package SPSS 19.0 software (IBM, Chicago, IL, USA) was used to determine significant differences among the factors and generate response surface plots. The results were considered statistically significant if the value was <0.05. 
Results and Discussions
In terms of the Box-Behnken experimental design principle, three independent variables (gluten, glucose oxidase, and pentosanase) which exerted great effects on the quality of steamed bread were investigated by three-factor and threelevel RSM analysis (Table 2) . Steamed bread volume and sensory evaluation value served as response variables. The results were shown in Table 3 . The absolute values of partial regression coefficient of one degree term were > > within the range of experimental design, indicating the greatest effects of gluten on sensory evaluation values of Tartary buckwheat steamed bread followed by GOD and PE, respectively.
Volume of Tartary
In the interactions among gluten, GOD and PE were analyzed to investigate their effects on volumes and sensory evaluation values of Tartary buckwheat steamed bread. The effects on the response variables were intuitively demonstrated in Figures 1 and 2 which revealed that GOD exhibited the greatest effects on the steamed bread volumes followed by gluten, corresponding to a steep curve. However, gluten demonstrated significant effects on the sensory evaluation values of Tartary buckwheat steamed bread followed by GOD, consistent with the results of variance analysis in Tables 4  and 5 . On the other hand, no significant change of the two response variables was found with PE addition, presenting a flat curve.
Tartary buckwheat is rich in proteins but free from gluten. The majority of its protein components were watersoluble albumin and salt-soluble globulin, accounting for more than 80% of the total proteins [19] [20] [21] . Gluten is a kind of highly hydrated protein complexes. When flour is mixed with water to make dough, the water will be absorbed by starch and proteins. Then spatial structure changes of gliadin and glutenin molecular chains will take place, generating stable disulfide bonds through inter-or intramolecular interactions of disulfide, ionic or hydrogen bonds [22] . The intensity and mesh density of the gluten network structure were determined by the number and binding sites of sulfydryl, which directly affected the texture, viscoelasticity, and hardness of flour products [10, 23] . The formation of suitable gluten structures is prevented after the large amount addition of Tartary buckwheat flour into wheat flour (weight ratio as 1 : 1), generating dough with poor extensibility, more crack, and extremely low fermentative capability. The addition of gluten directly increased its proportion in composite flour and improved the air holding capacity of steamed bread, resulting in larger volume after fermentation, homogeneous honeycomb mesh internally, decreased hardness of steamed bread, enhanced specific volume and flexibility, and enlarged sensory evaluation values. It was found appropriate when the added gluten accounted for approximately 10% of total flour by weight and excessive gluten could lead to difficult dough kneading, smaller volume of steamed bread, and too large toughness.
Regarding the oxidation mechanism of GOD on dough, it is accepted by most scholars that GOD oxidizes D-glucose in the presence of oxygen into H 2 O 2 which can oxidize the sulfydryl into disulfide bond, leading to enhanced intensity of dough [11, 12, 24] . The oxidation occurred between inter-or intrasubunits of glutenin, which could generate well-organized fibrous macromolecular polymers through intermolecular disulfide bond, improving the structure of gluten besides air holding capacity and ductility of dough.
The results revealed that the addition of GOD resulted in increased volumes and sensory evaluation values, enhanced specific volume, flexibility and toughness, and decreased hardness of the Tartary buckwheat steamed bread, consistent with the study of Steffolani et al. [11] . Similar to gluten, excessive addition of GOD could give rise to excessively oxidized dough and destructed gluten [10, 12] , characterized by decreased volumes, internal inhomogeneous holes, and increased hardness of Tartary buckwheat steamed bread. The optimum additive amount of GOD, much higher than that in wheat flour, was 2064 U per kilogram composite flour, which may be related to the protein content and proportion in bitter buckwheat flour [10] . Junko et al. investigated the protein components in Tartary buckwheat and found that the proportions of albumin, globulin, gliadin, and gluten were 30-35%, 45-50%, 1-1.5%, and 15-20%, small molecular proteins of the first two accounting for more than 80% of total proteins. And the cysteine content in Tartary buckwheat, 5% of total weight, is higher than that in wheat flour [19, 20] , leading to increased substrate of GOD, declined oxidation ability, and increased addition of GOD eventually [10, 24] . PE, another flour improver widely accepted by domestic and overseas scholars, mainly hydrolyzes insoluble pentosan and plays roles in machinability enhancement, excessive fermentation elimination, volume and quality of flour products increase, and aging delaying [11] . Tartary buckwheat is rich in insoluble pentosan [19] . Though the addition of PE did not show significant effects on the volumes and sensory evaluation values, it could improve the elasticity of bread, the mechanism of which needs further intensive investigation.
Rosell et al. found that the changes promoted by glucose oxidase treatment exhibited very pronounced effects on the physical properties of wheat flour but did not introduce changes in the protein profiles [25] . In consideration of its substrate not as protein but as arabinoxylan, the addition of pentosanase should not cause changes of protein content or variety theoretically, which needs verification by experiment indeed. Therefore, the auxiliary materials used in the present study could be promising improvers for Tartary buckwheat enriched steamed bread without changing the overall nutrition.
Formula Optimization.
Based on the Design-Expert software, the maximum points of regression equation were gluten of 41.20 g, GOD of 1032 U, and PE of 56 U, with predicted Tartary buckwheat steamed bread volume as 258.93 mL and sensory evaluation value as 94.52. Three paralleled experiments according to these process parameters were performed and the results generated mean Tartary buckwheat steamed bread volume as 256.41 mL and sensory evaluation value as 92.17 with relative error as 0.98% and 2.55% compared with the theoretically predicted value, respectively, demonstrating the reliability of equation and the effectiveness of RSM.
Conclusion
The addition of gluten and GOD exerted statistically significant effects on Tartary buckwheat steamed bread volumes and sensory evaluation values. The validation test results of the optimum formula were consistent with the theoretically predicted values, demonstrating the reliability of equation and the effectiveness of RSM. 
